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Dry-matter production of a young Quercus phillyraeoides stand at Nantoh-cho, Mie

MISAKO NAKAGAWA® , HIDEKI SAITO** and NOBUHIKO KASUYA

Synopsis: We quantified dry matter production in a young stand of Quercus phillyraeoides
by destructively sampling the aboveground components of eleven trees and using the dry
weight and weight growth rate of each component of each tree to develop relationships
between DBH? and various tree components. These relationships were then applied to DBH
data within a quadrat to quantify aboveground biomass and annual production rate for the
stand. The weight growth rates of stem and branches were obtained from the bulk density
and growth rates in volume measured by the stem analysis, that is, the measurement of
the thinking growth between tree rings. The age of the sampled trees ranged from 10 to 39
yr with an arithmetic mean of 25 yr. Dominant tree height was 4.9 m. The aboveground
biomass was relatively low at 104.1 t/ha. However, the aboveground biomass density (dry
weight divided by the 3-D space occupied by the stand) was 2.1 kg/m®? which is higher
than for mature stands of various tree species. Total leaf biomass for the stand (i.e., when
understorey was included) was 9.60 t/ha, similar to leaf biomass values for mature Q.
phillyraeoides stands. By summing the annual production rates of each component, we
estimated the aboveground net production rate to be 21.2 t/ha/yr, which is typical for the
lucidophyllous forests in Japan. Leaf biomass density of the stand was greatest in the top
stratum (4.3-5.3 m aboveground) and 96% of the leaf biomass was concentrated in the top
two strata (3.3-5.3 m). The leaf area index (LAI) value for the tree layer was low (4.83)
because leaves were concentrated in the upper canopy in which had thick leaves or a low
leaf area to dry weight ratio. Carbon storage was estimated at 59 t C/ha (53 t C/ha in live
tissue, 6 t C/ha in litter) and carbon fixation at 11 t C/ha/yr.
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Table 1. General description of a Quercus phillyraeoides stand studied at Nantoh-cho, Mie.

No. of stems No. of trees Basal area DBH (cm)
/Plot % /Plot cm?/Plot % Mean Max.
Stand (total) 311 100 110 2,627.8 100 - —
(31,810 /ha)* (10,710 /ha)*  (27.58 m%ha)
Quercus phillyraeoides 241 77.5 70 2,391.2 91.0 3.3 6.8
(25,300 /ha) (7,348 /ha)  (25.10 m%/ha)
Other evergreen spp. 21 6.7 13 82.8 3.2 1.8 —
(2,204 /ha) (1,364 /ha)  (0.87 m%/ha) '
Eurya japonica 11 7 44.3 1.7 2.2 3.4
Pieris japonica 8 4 37.6 1.4 24 3.3
Rhododendron macrosepalum 1 1 0.8 0.03 1.0 -
Rapanaea neriifolia 1 1 0.1 0.00 0.4 -
Deciduous spp. 41 13.2 19 152.1 5.8 1.9 -
(4,304 /ha) (1,994 /ha)  (1.60 m?/ha)
Clethra barbinervis 9 4 63.1 2.4 2.8 4.2
Fraxinus sieboldiana 6 4 53.6 2.0 3.2 4.3
Lyonia elliptica 16 9 25.8 1.0 1.3 2.6
Ilex macropoda 7 1 6.1 0.2 0.9 1.4
Rhus trichocarpa 3 1 3.5 0.1 1.2 1.5
Climber
Wisteria brachybotrys 8 2.6 ? 1.7 0.00 06 0.9
*, climber excluded.
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Fig. 2 Frequency distribution of stem number per
stump (or individual).
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Table 2 Relationship between various static
and dynamic tree measurement parameters. All
relationships were calculated in the form y = A "

y x h A r
Ws.s D? 1.156 0.1751 0.978
Wis D? 1.081 0.1734 0.980
Ws D? 1.398 0.01775 0.944
WL D? 1.655 0.003880  0.988
u D? 1.643 0.02145 0.984
Vs D? 1.135 0.1693 0.982
AWeg D° 0.9042  0.05368 0.929
4 Ws D? 0.7513  0.05771 0.912
4 Ws D? 1.153 0.008133  0.808
Ws.s D’H 1013 0.05292 0.982
Ws D*H 0.9447  0.05723 0.982
Ws D*H 1.230 0.004066  0.953
WL D*H 1.452 0.0006892 0.983
u D*H 1.441 0.003867  0.981
Vs D*H 0.9923  0.05271 0.983
AWsss DH 0.7910 0.02119 0.936
4 Ws D*H 0.6500  0.02761 0.912
A Ws D*H 1.019 0.002371  0.824 -

D?: square of stem diameter at breast height (DBH) (cm?).
D?H: (square of DBH) x (tree height) (cm” m).

Ws.s: dry weight of stem and branches per tree (kg).
Ws: dry weight of stem per tree (kg).

Wi: dry weight of leaves per tree (kg).

Vs: stem volume with bark per tree (dm®).

u: leaf area (one side) per tree (m?).

4 Ws.p: weight growth rate of stem and branches per tree
(kg/yr).

4 Ws: weight growth rate of stem per tree (kg/yr).

4 Wa: weight growth rate of branches per tree (kg/yr).

R(4)ER(B)DEIRBRE Do 72,
1/Wy = 1/(0.001649 (D*)?% + 1/0.4487  (4)
(r* = 0.991)
1/u = 1/(0.002357 (D%*®) + 1/12.68 (5)
(r* = 0.990)
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Table 3. Aboveground biomass and dry weight of dead branches on standing trees and of the litter horizon

Quercus Other Trees Fern Stand Note
phillyraeoides  trees (total) (total)  (correlations)
"a) Aboveground (t/ha) 96.1 7.96 104.1 (100%) 0.88 105.0 =b+f
b} Stem and branches (t/ha) 87.6 7.48 95.0 91.3%) 0.33 95.4 =d+e
c) (87.4) (7.53)  (95.0) (Ws.s — D*H)
d) Stem (t/ha) A 69.5 6.24 75.8 (72.8%) 0.33 76.1 Ws — D°H
e) Branches (t/ha) : 18.0 1.24 19.3 (18.5%) — 17.3 Ws — D’H
f) Leaves (t/ha) 8.57 0.48 9.05 (8.7%) 0.55 9.60 W,— D*H
g) (8.51) (0.44) (8.95) (Eq. 4)
Dry wt. of dead branches (t/ha) — — 3.7
Dry wt. of litter horizon (t/ha) — - 8.4
LAI (ha/ha) 4.57 0.26 4.83 0.91 548 u— D°H
: (4.45) (0.20) (4.65) (Eq. 5)
Stem volume with bark (m®/ha) 79.2 6.79 86.0 - — Vs — D°H

Biomass of the other tree species (9.0% by basal area) was calculated by using the allometric correlations
developed from the Q. phillyraeoides data in this study.
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Fig. 5 Variation of bulk density of stem with tree
size.

A5 LTk, ZHiiKira and Shidei’® o THE

23 TH53,

AP,= yon +4Ln +4Gn (4)

SEIZHERD DIEFERAGE & O R BN, HIE
LTwhbhbBELEFELTER E LT,

BEFDyN KEZNFNDEEREEZH T, T
DB, N(1)2FH> THERDBA L AKRICEE
L7,

VW BHERRREEAWs s, BEERERAW,, X
BEEREE W%, xiZD*ED*H%Z B\ 7=, o7 867
BEEREER Zg/yr, D’iicm® D’Hiicm? mTd 3,
Table 2 1c/R L7k 512 aWs,g & AWSIZEE T % BB A
ERIZE (PP =0.912~0.936), ¥ 7D 3T 5 BI%
IZHRTDPHE OGO A DERBE» 27, Lo L,
AWl BT 2 BGRROERIZB  h -7 (F = 0.808

PR T - WS - EREE  ZBERBERI OB Y AT oY HLRE 57

~0.824), ZDX I A NDEIBDL IR EEL T
Wes— D’HERA > B EEEBRERZ RO, 4Ws—
D’HEGRRA» oD Zzn%2HEL, HREEDED»S#
L7,

EDyw FHIEL Tk, 2TOER, YFEELH
B THET S I L 3RETH > 72, AEBFOEH
Hicld, SEFELHEZ2 I0HATEELE, 22
CTEHFERBD2/3%yn KH T, TNIZL 31 (6.03
t/ha/yr) i3, NEEDHEY X H K OFgEER
(5.19 t/ha/yr) XA L% o,

REZ DT HABARIZIARSZNTIT, ZDEIF2.26 gt
KA TER L, kB, BEREICICET
L7-RBRE L EIEFDMEIZ, FIS0EED/NE B
2 cOHEIERERD 5 A TO.5 t/ha/yri s BiA® 358,
FEOINAT L DORFEERMBRY S5 R\VOTINEL &
ot

MERD 2> FiconT, HERBUMNIRAEBL Ty
IZWEENDERG VDT, BEED 1/2 2HE
a3 ERE L 72,

DL TRD-MEERIIBAED20.5 t/ha/
yr, ¥ @%&%720.9 t/ha/yric’c -7 (Table 4),

SERFEL 2HRFICIE 2P 27 EEEHD
VR TETI2HEIBEEL DS, I\ 4%
EIECDTIE R 0D EFHEIMCIIEL T, L
Liahss, BonH bEMEERIE, S VB2EKRVT
20.5 t/ha/yr L #E I lz, T DEIGBRET RS SR
MDT120.65+7.21 t/ha/yr®™ 12 I1ZIE— T 3, BBiE
HERILEEROLEENZOLBETRERAT, 208
VERERVEEHHMICKRET 2 EEI N TWEY,

BESR D™ N X B o flid B3RS 1L 23~28
t/ha/yr®, /NS EM433.6 t/ha/yr® TH 2, FIEOH
FIRIISEEETERD, BHECBTLLREOEERS
DT E, BERIICAT, INATSHRBRELREED

Table 4 Estimation of aboveground net production rate ( 4 P,) from summing the dry weight of new parts

produced in current year.

Trees

Quercus Other Fern Stand Note
(t/ha/yr) phillyraeoides  trees (total) (total)  (correlations)

a) Aboveground 18.8 1.69 20.5 (100%) 0.442 209 =b+g
b) Stem and branches 13.1 1.36 14.4 (70.5%) 0.166 14.6 4 Ws,p — D’°H
c) (13.3) (1.45) (14.7) (=b+ )
d) Stem 9.25 1.11 10.4 (50.6%) 0.166* 10.5 4 W;— D°H
e) Branches 3.82 0.25 4.06 (19.9%) - 406 =b-—d
f). (4.01) (0.34) (4.35) (4 Ws — D*H)
g) Leaves 5.74 0.33 6.03 (29.5%) 0.276* 6.31 = leafmass/1.5

The Method 2 by Kira and Shidei '¥ : 4 P, = yan + 4 Ly + 4 Gn. 4 Py: net production rate, yzy: biomass of new
parts, 4Ly: loss due to death and shedding of new parts (4 Lx=0)., AGn: loss due to grazing of new parts (AGn

= 0).

f: leaf biomass (Table 3) of @. phillyraeoides divided by 1.5 yr of a leaf longevity. *: stem and leaf biomass
of fern (Table 3) divided by 2 yr of a provisional stem longevity.
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Fig. 6 Profile diagram of the Quercus phillyraeoides stand, showing
the vertical distribution of leaf, stem, and branch biomass (left) and
that of weight growth rate of stem and branches (right).
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.Fig.7 Changes in SLA (leaf area/leaf dry weight
ratio) and leaf biomass density with aboveground
height.

Bars represent standard deviations among sample
trees.

n: number of sample trees in each stratum.
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